INTRODUCTION
Preoperative prediction of the histopathologic characteristics of parotid gland neoplasms is essential in treatment planning, in estimating patient prognosis, and in particular for avoiding unnecessary surgery. Although various diagnostic methods are available, the preoperative diagnosis of parotid tumors remains challenging; the diagnostic accuracy of fine needle aspiration cytology (FNAC), the most important diagnostic test, is as low as 60%-80%. Computed tomography (CT) is usually performed as well as FNAC prior to surgical intervention. With the recent developments in CT technology, sufficient images from various phases can be obtained simultaneously through the use of multidetector CT (MDCT). Methods to differentiate Warthin tumor from other tumor types using this CT technology have been described [1, 2] .
Superficial parotidectomy is widely performed to treat parotid tumors, with the aims of minimizing tumor cell spillage and preventing recurrence, because parotid tumors are usually locatObjectives. The goal of this study was to define the radiologic characteristics of two-phase computed tomography (CT) of salivary gland Warthin tumors and to compare them to pleomorphic adenomas. We also aimed to provide a foundation for selecting a surgical method on the basis of radiologic findings.
Methods.
We prospectively enrolled 116 patients with parotid gland tumors, who underwent two-phase CT preoperatively. Early and delayed phase scans were obtained, with scanning delays of 30 and 120 seconds, respectively. The attenuation changes and enhancement patterns were analyzed. In cases when the attenuation changes were decreased, we presumed Warthin tumor preoperatively and performed extracapsular dissection. When the attenuation changes were increased, superficial parotidectomy was performed on the parotid gland tumors. We analyzed the operation times, incision sizes, complications, and recurrence rates.
ed in the superficial lobe of the parotid gland [3, 4] . However, it has been reported that treating Warthin tumors, which are well encapsulated and have a smooth surface, with extracapsular dissection was sufficient, because there were few differences in the recurrence rates with this procedure compared to the surgical outcomes of superficial parotidectomy [5] [6] [7] [8] .
The purposes of this study were to confirm the preoperative diagnosis of parotid gland Warthin tumors using two-phase MDCT and to assess the effectiveness of extracapsular dissection as a treatment for Warthin tumors. The operation times, incision sizes, complications, and recurrence rates were compared according to the surgical method used.
MATERIALS AND METHODS
This was a prospective cohort analysis, and the study protocols were approved by Institutional Review Board of Gyeongsang National University Hospital before proceeding. Written informed consent was obtained from all participants. The study flowchart is presented in Fig. 1 . From May 2011 to May 2012, 149 patients who presented to our outpatient clinic with parotid region tumors were initially enrolled in the study. Only patients older than 20 years of age who underwent surgery for parotid masses with the long axis longer than 1 cm (as measured by CT) were included. Patients with previous histories of head and neck malignancy, radiation therapy in the head and neck area, medications affecting salivary gland function, parotitis, or other medical problems detected by presurgical tests that could affect the pathological diagnosis of Warthin tumor or other parotid tumors were excluded from the study. Of the 149 initially enrolled patients, 33 did not meet the eligibility criteria and were excluded from the study.
Finally, 116 patients (75 males, 41 females; age range, 26 to 74 years; mean age, 45.2 years) who underwent preoperative two-phase helical CT scans (HiSpeed Advantage; GE Medical Systems, Milwaukee, WI, USA) and extracapsular dissection or partial/total parotidectomy were included in the analysis.
Two-phase helical CT scans
For helical CT scans, a total of 90 mL of iopamidol (Iopamiro 300; Bracco, Milan, Italy) was administered into an antecubital vein at a rate of 3 mL/sec using a power injector. Early and delayed phase scans were then obtained with scanning delays of 30 and 120 seconds, respectively. Scanning began at the skull base and continued toward the thoracic inlet with the following parameters: 35-second acquisition time, 5-mm collimation, and 5-mm/sec table speed. Contiguous transverse images were reconstructed from the volumetric data at 5-mm intervals. Thirtyfive sections were obtained in each phase.
Each CT scan was evaluated separately by two different head and neck radiologists who were not aware of the results of the histopathologic analysis. The radiologists reached a consensus in every case in which there was a discrepancy in the interpretation of the images. First, the enhancement patterns of the tumors were visually assessed. Then, the attenuation change in the tumor between the early and delayed phases was analyzed and categorized as a "decrease" or "increase" in Hounsfield units (HU). Any obvious cystic or necrotic areas that consistently showed low attenuation in each phase were excluded from this assessment. The visual assessment of CT images in each phase was performed at the same window width (240 HU) and level (20 HU) in all patients.
Next, we quantitatively measured the CT numbers (in HU) of the tumors in each phase using circular regions of interest (ROIs). Each ROI was made as large as possible (8-30 mm 2 ), and obvious cystic or necrotic areas were excluded. The ratio of delayed phase HU to early phase HU was also calculated for each patient.
Selection of surgical method
In cases in which the attenuation change was decreased, we presumed that the parotid gland tumor was a Warthin tumor and performed extracapsular dissection. However, when the attenuation change was increased, we presumed the tumors were parotid gland tumors other than Warthin tumors and performed For the partial/total parotidectomy, the modified Blair incision was used, and the extracapsular dissection was performed with a superficial incision above the mass. Following extracapsular dissection, in cases in which the frozen section biopsy did not confirm a diagnosis of Warthin tumor, the operation was changed to partial/total parotidectomy ( Fig. 1 ).
Analysis
Phase analyses were conducted after classifying the cases into a Warthin tumor group and another tumor group. The diagnostic sensitivity, the specificity, the negative predictive value, and the positive predictive value were compared. The operation times, the incision sizes, and the complications experienced by the two groups were also compared. The waiting time for the result of the frozen section biopsy was not included in the operation time. All of the data were prospectively collected, and IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA) was used for the statistical analyses. Robust analysis of variance (ANOVA) by Tamhane's T2 test was used to validate the significance. A P-value of <0.05 was considered significant.
RESULTS
A total of 116 patients with parotid tumors underwent surgical interventions. There were 75 male and 41 female patients, for a ratio of 1.8:1 (male:female). The average age of the subjects was 45.2 years old (range, 26 to 74 years), with the greatest percentage of patients in their 60s. The mean follow-up period was 12.3 months.
Warthin tumors show unique early enhancement patterns on two-phase CT On visual assessment, delayed phase scans showed increased attenuation in 51/56 of pleomorphic adenomas (92%), in 14/15 of malignant tumors (93%), and in 69/75 of other benign tumors (92%) compared with early phase scans. However, 22/26 of Warthin tumors (84.6%) showed a decrease in attenuation on delayed phase scans (Table 1) .
With quantitative measurement, the mean CT numbers on early phase scans were highest for Warthin tumors (94±26 HU), followed by malignant tumors (66±34 HU), other benign tumors (53±90 HU), and pleomorphic adenomas (52±21 HU). These differences in CT numbers between the various tumor types were statistically significant (P =0.005). However, there were no significant differences in mean attenuation between pleomorphic adenomas and malignant tumors or between pleomorphic adenomas and other benign tumors (P>0.05).
On delayed phase scanning, the mean CT numbers were 88± 17 HU for malignant tumors, 71±21 HU for pleomorphic adenomas, 78±16 HU for Warthin tumors, and 73±30 HU for other benign tumors. There were no significant differences in mean attenuation between the histopathologic tumor types on delayed phase scanning.
Warthin tumors showed a characteristic decreasing enhancement pattern between the early phase and the delayed phase CT scans, while the other parotid tumors demonstrated an increase in enhancement (Table 1) .
Surgical application on basis of radiologic findings

Warthin tumors
Twenty-six cases were finally confirmed to be Warthin tumor. There were 22 cases with decreased enhancement and 4 cases with increased enhancement. However, the enhancement increases were only less than 5 HU in 2 of the 4 cases with increased enhancement (Fig. 2) . The sensitivity, the specificity, the positive predictive value, and the negative predictive value were 53.8%, 97.7%, 93.3%, and 71.4% when fine needle biopsy were solely considered and those when CT were solely considered were 96.1%, 93.5%, 92.5%, and 96.6%, respectively (Table 2). The average operation time was 38±6.2 minutes and the average incision size was 36.2±1.5 mm (Table 3) . Some of the patient who underwent parotidectomy complained of postsurgical auricular hypoesthesia, but the patients who underwent extracapsular dissection did not any discomfort.
Other types of benign tumors
Seventy-five cases were finally diagnosed as other benign tumors. Among these tumors, increased enhancement was observed in 69 cases and decreased enhancement was seen in 6 cases. These 6 cases were confirmed to be pleomorphic adenoma (4 cases), myoepithelioma (1 case), and one lymph node. Parotidectomy was performed for 52 cases of pleomorphic adenoma with increased enhancement. Extracapsular dissection was initially performed for 4 cases with decreased enhancement, but these 4 cases were ultimately also removed by parotidectomy after frozen section biopsy revealed them to be pleomorphic adenoma. Among 19 other benign tumors, not including Warthin tumor and pleomorphic adenoma, the 18 cases with increased enhancement were removed by parotidectomy and the 1 case showing decreased enhancement was removed by extracapsular dissection because frozen section biopsy revealed that it was a myoepithelioma.
The average operation time was 122±70.8 minutes and the average incision size was 91.8±2.1 mm ( Table 3) . Some of the patients who underwent superficial parotidectomy complained of temporary postsurgical auricular hypoesthesia.
Malignant tumors
Increased enhancement was shown in all 15 instances of malignant tumors, and all of the tumors were removed by parotidectomy. The extent of operations was determined by the results of preoperative investigations and frozen section biopsies. Total parotidectomy was performed in 10 cases and cervical lymph node dissection was performed in 5 cases. The average operation time was 140±53.9 minutes and the average incision size was 107.8±4.2 mm. All patients complained of temporary postsurgical auricular hypoesthesia, and one patient developed a postsurgical hematoma, which was resolved by evacuation of the hematoma and hemostasis (Table 3) .
DISCUSSION
Warthin tumor, also known as papillary cystadenoma lymphomatosum, was named by Warthin [9] in 1929. Histopathologically, Warthin tumor shows well encapsulated cystic spaces lined by a bilayered epithelium which resembles papillary architecture wrapped around abundant lymphocytes [10, 11] . It is generally known as the second most common benign parotid tumor. It is also reported that 10% of the tumors have bilateral onset and 10%-30% have multiple onset. Warthin tumor is unlikely to advance to malignancy, but progression to malignancy has been reported in about 0.3% of cases [6, 12] . The tumor is known to be prevalent among middle-aged men with a history of smoking.
FNAC is an effective method to examine salivary gland tumors, in particular. Its sensitivity and the specificity to differentiate malignancy have been reported to be 72.7% and 95.7% in studies conducted in South Korea [13] . The diagnostic rate for benign tumors is reported to be even higher, above 80% in some studies [14] . The typical characteristics of Warthin tumor in FNAC are the oncocytic epithelium and lymphoid stroma. However, Warthin tumor can be misdiagnosed as malignancy if there is squamous metaplastic change without the tumor's typical characteristics; therefore, other clinical features should also be considered [15] .
On CT images, Warthin tumors are usually found in the superficial parotid gland. Cystic components and solid stroma exist together in most cases, and mildly increased enhancement is observed in the solid tissues. Unlike with other tumors, the peak enhancement is typically seen in Warthin tumors 30 seconds after injection of a contrast agent [1, 2] . Two-phase CT was used in this study, and decreased enhancement was observed in 22 cases out of a total of 26 cases of Warthin tumor (84.6%), results similar to the findings of two previous studies. Comparing the phase enhancements among the three different groups of tumor types observed in the study, it was confirmed that Warthin tumor showed decreased enhancement in the delayed phase, unlike other types of benign tumors or malignant tumors. ANOVA testing also confirmed that there was a significant difference in the alteration ratio of enhancement between the Warthin tumor group and the other groups (Table 4) . Among the 4 cases of Warthin tumor without decreased enhancement, 2 cases were mostly composed of cystic component, with very little solid stroma observed. For this reason, it was estimated that accurate HU values were not obtained in either the early or delayed phases. In the other 2 cases, there was increased enhancement, in contrast to the majority of Warthin tumors. This was thought to be because the enhancement was slowly increased and slowly decreased in Warthin tumors with a relatively low cellular density, resulting in an outcome unlike that in most Warthin tumors, which show a rapid increase of enhancement and a rapid washout due to the abundant small vessels that stain for CD31 and have a high extensive capillary network [16] . Therefore, this study suggests that two-phase CT can increase the diagnostic accuracy when attempting to differentiate Warthin tumor from other types of parotid tumors preoperatively. Superficial parotidectomy, the operation to remove the entire portion of the parotid gland superficial to the facial nerve, is widely performed to prevent the recurrence of superficial parotid tumors and has been accepted as a safe surgical method since it was introduced by Comoretto and Barzan [3] , Janes [4] , and Bailey [17] . However, superficial parotidectomy may result in complications such as Frey syndrome, temporary or permanent facial paralysis, facial depressions, and aesthetic disturbances. A number of studies have been conducted on conservative surgical methods such as Extracapsular dissection and partial parotidectomy, with the aims of reducing both tumor recurrence and the occurrence of these complications [4, 5, 7, 18, 19] . Although the rate of recurrence can be reduced when some of the normal tissues around the tumor are removed along with the tumor by these conservative methods, the risks of residual tumor cells and incomplete removal of multiple tumors still remain. In addition, some warn that a lack of pathologic evidence can result in a suboptimal dissection [18] . Surgical excision is the primary choice in the treatment of Warthin tumor, but the ideal extent of the operation remains controversial. Warthin tumors are usually found under the superficial lobe of the parotid gland. On macroscopic examination, they can be seen as gray-or brown-colored cystic lesions covered with a well-developed capsule. It is also observed that they lack pseudopods, unlike pleomorphic adenoma. For these reasons, it has been reported in several studies that Warthin tumors can be safely and adequately removed by extracapsular dissection without altering the recurrence rate [5] [6] [7] [8] . On the other hand, some claim that superficial parotidectomy is the minimal necessary operation because bilateral or multiple onsets are more common in Warthin tumor compared to other types of parotid tumors, while others insist that total parotidectomy is essential because the recurrence rate is still reported to be up to 25% when the condition is treated with superficial parotidectomy [20, 21] . It has also been reported that some cases of recurrence were caused by undiscovered tumors rather than by incomplete dissection [22] . In the current study, Warthin tumors were treated with extracapsular dissection. Use of extracapsular dissection significantly reduced the incision size and the average operation time for Warthin tumors (Table 3) .
Extracapsular dissection have risk of facial nerve injury because the facial nerve branches can be identified for operation, but parotidectomy also have that risk. The facial nerve injury can be avoided by facial nerve mornitoring device. Furthermore, any patients did not have facial nerve injury in this study. Although extracapsular dissection removed only the well-developed tumor capsules instead of also removing the normal tissues around the tumors, no instances of recurrence were reported. Due to the recent developments in CT technology, even the smallest parotid tumors were able to be identified, and no cases of recurrence caused by undiscovered tumors were reported either. Hence, it is judged that extracapsular dissection is a safe and effective method for the treatment of Warthin tumor. It is true that the average follow-up period of 12.3 months in this study is considered relatively short for the proper evaluation of recurrence, and close observation for a longer period of time will be required in future studies. Nevertheless, the effectiveness of extracapsular dissection has been confirmed, since this study observed statistically significant reductions in both the operation time and the incision size, as well as the absence of hypoesthesia of the ear, in patients who underwent the procedure.
Among parotid tumors, which are difficult to diagnose preoperatively, Warthin tumor could be diagnosed with two-phase CT with a sensitivity of 84.6% and a specificity of 93.5%. Decreased enhancement patterns on delayed phase scanning using two-phase CT can be helpful in establishing a diagnosis of WT, and extracapsular dissection can be performed as an effective treatment.
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